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Tbjective: Neurocognitive deficits occur frequently in patients undergoing cardiac
urgery and may be caused, in part, by ischemic cerebral injury. Cerebral hypo-
hermia has been proposed as a neuroprotective strategy to reduce ischemic injury
n animal studies, in postcardiac arrest, and during cardiac surgery. We sought to
valuate the effects of sustained mild intraoperative hypothermia, without rewarm-
ng, on neurocognitive function after coronary artery bypass surgery.
ethods: Patients (aged  60 years) undergoing non-urgent coronary surgery were
andomized to an intraoperative nasopharyngeal temperature of 34°C (hypothermic;
 133) or 37°C (normothermic; n  134), maintained using water-circulating
hermal control pads. No active rewarming was used. Transcranial Doppler was
sed intraoperatively to monitor middle cerebral artery emboli. Neuropsychometric
esting, consisting of a battery of 16 tests, was performed by blinded observers
reoperatively, before discharge, and at 3 months, and tests were divided into 4
ognitive domains. A deficit was prospectively defined as a 1 standard deviation
ecrease in individual scores from baseline in 1 or more domains.
esults: The number of intraoperative cerebral emboli was similar between the
ontrol and the treated groups (188 [115–331] vs 182 [100–305], P  .71). At
ischarge, neurocognitive deficits were present in 45% of control patients and in
9% of treated patients (P  .49) and at 3 months decreased to 8% in control
atients and 4% in treated patients (P  .28). There was no correlation between the
otal number of cerebral emboli and the occurrence of neurocognitive deficits (r 
0.01; P  .88). Hypothermic patients demonstrated trends toward reduced inten-
ive care unit stay (1.4  1.0 days vs 1.2  0.7 days, P  .06) and increased chest
ube output (655  327 mL/24 h vs 584  325 mL/24 h, P  .09).
onclusions: Mild intraoperative hypothermia has no major adverse effects but does
ot decrease the incidence of neurocognitive deficits in patients undergoing coro-
ary artery bypass surgery. In the absence of rewarming and cerebral hyperthermia,
ustained mild hypothermia does not improve cognitive outcome.
ostoperative cognitive deficits (POCDs), defined as impairments in memory,
attention, and psychomotor function, are observed in 30% to 80% of patients
after cardiac surgery.1 These deficits may be associated with distress atients and families, delayed return to work and normal functioning, prolonged
he Journal of Thoracic and Cardiovascular Surgery ● Volume 134, Number 6 1443
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CSPospital stay, and reduced quality of life.2 Most important,
he occurrence of POCDs has repeatedly been associated
ith late cognitive decline.3-5 Although a number of stra-
gies have been proposed to reduce the occurrence of
OCDs, no clear benefits have been demonstrated by clin-
cal studies to date.
Evidence from animal studies has clearly demonstrated a
arge protective effect of mild hypothermia (2°C–5°C de-
rease in brain temperature) in the setting of global cerebral
schemia followed by reperfusion.6,7 This neuroprotective
ffect of mild hypothermia has also been observed in pa-
ients with out-of-hospital cardiac arrest.8 These studies
ave encouraged us to test the hypothesis that mild hypo-
hermia minimizes neurologic injury in patients undergoing
ardiac surgery.
The Warm Heart study first demonstrated the safety and
otential benefits of normothermic coronary artery surgery
ith respect to myocardial preservation with no detrimental
ffects on neurologic outcome.9 Subsequent clinical trial
ave yielded conflicting results regarding the neuroprotec-
ive effects of hypothermia.10 In the majority of these stu-
es, the duration of exposure to hypothermia was short and
he treated (hypothermic) patients were often actively re-
armed with brain temperatures often exceeding 38°C,
hich may have adverse effects on neurocognitive
utcome.11
We previously reported that, in patients undergoing cor-
nary artery bypass surgery who were cooled to 32°C
uring cardiopulmonary bypass (CPB), rewarming to 34°C
ompared with 37°C was associated with a 23% reduction
n the incidence of POCDs (P  .04).12 It was unclea
hether the hypothermic group had benefited from a neu-
oprotective effect of mild hypothermia per se or from the
esser extent and rate of rewarming. Thus, in this study, we
valuated the neuroprotective effects of sustained mild hy-
othermia (34°C) maintained throughout the intraoperative
eriod with no rewarming compared with effects of normo-
hermia (37°C) in a similar population. We hypothesized
hat sustained mild hypothermia would lead to an even
reater neuroprotective effect by extending the period of
rotection and avoiding any injury associated with rewarm-
Abbreviations and Acronyms
CPB  cardiopulmonary bypass
HITS  high-intensity transit signals
ICU  intensive care unit
POCD postoperative cognitive deficit
SF-12 Short Form Health Survey [12 items]ng on CPB. i
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atient Population
etween September 2000 and December 2004, patients aged 60
ears or more who were scheduled to undergo non-urgent coronary
rtery surgery at the University of Ottawa Heart Institute were
sked for informed consent for enrollment in this trial, which was
pproved by our institutional review board. Patients with known
eurologic deficits (previous stroke, history of Parkinson disease,
anadian Neurological Scale13 score  11.5, or abnormal Mod-
ed Mini-Mental State scores) and serum creatinine greater than
wice the normal level (normal range, men: 62-106 mol/L; wom-
n: 35-88 mol/L) were excluded. Patients undergoing repeat
ardiac surgery were initially included, but soon after study initi-
tion the selection criteria were modified to exclude these patients.
hus, only 4 patients with a history of cardiac surgery were
ncluded in the study.
ntraoperative Protocol and Randomization
nesthesia induction and monitoring were performed as previously
eported.14 After the induction of anesthesia, a temperature probe 
laced in the nasopharynx, and this temperature was monitored and
ontrolled throughout the intraoperative period. Bladder temperature
as used as an indicator of visceral temperature.
Eligible and consenting patients were equally assigned to hy-
othermia or normothermia by using a computer-generated ran-
omization list. Randomization was performed 30 minutes before
he operation in blocks of 8 and stratified according to age more
han 75 years. Treatment assignment was concealed in opaque,
ealed envelopes that were assigned sequentially as patients were
nrolled, according to age block.
Patients were unaware of the treatment assignment, which was
ot concealed from the clinical staff. Patients in the normothermic
roup were warmed with a forced-air heating blanket for 15 to 30
inutes before entering the operating room. Upon the patient’s
rrival to the operating room, high-efficiency thermal pads were
pplied to the patient’s back and posterior aspect of the upper leg.
he pads were connected to a water-circulating thermal control
ystem (Arctic Sun; Medivance Corporation, Louisville, Colo),
nd cooling to 34°C or warming to 37°C was begun. Patients’
asopharyngeal temperatures were kept as close as possible to
7°C or 34°C throughout the intraoperative period. CPB was
erformed via an ascending aortic cannula and a 2-stage right atrial
annula using membrane oxygenators and 43-m arterial line
lters (Cobe Cardiovascular, Arvada, Colo) maintaining a nonpul-
atile flow at 2.5 to 2.8 L/min/m2. Mean arterial pressure was
aintained between 50 and 80 mm Hg using phenylephrine or
soflurane. Blood gases were not temperature corrected. The heat-
r/cooler was used only to make small corrections in temperature
uring CPB; the temperature of blood leaving the oxygenator was
onitored and recorded and was not allowed to exceed 37.5°C or
4.5°C in the normothermic and hypothermic groups, respectively.
fter application of the aortic crossclamp, cardiac arrest was
nduced and maintained with antegrade cold crystalloid or blood
ardioplegia.
Nasopharyngeal temperatures were kept constant at 34°C or
7°C until arrival to the intensive care unit (ICU). In the ICU,
orced-air warming blankets were applied. Postoperative care,
ncluding blood product use, reexploration for bleeding, extuba-
ember 2007
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Pion, and ICU discharge, was conducted according to protocols
reviously described.14
ntraoperative Transcranial Doppler
ranscranial Doppler examinations were performed as previously
escribed.15 Briefly, once the patient was asleep, bilateral 2-M
ulsed-wave Doppler probes (sample volume: 10 mm) were se-
ured on the temporal area using an adjustable headband (Marc
00; Spencer Technologies, Seattle, Wash) for continuous moni-
oring of the middle cerebral artery flow velocities. A dual-gated
separation: 5 mm), pulsed-wave transcranial Doppler system
DWL, Sipplingen, Germany,) recorded (dynamic range: 60 dB,
verlapping: 58%), filtered (100 Hz), and stored both the Doppler
aveforms and embolic signals (intensity threshold: 9 dB).
An ultrasonographer (R.A.R.), who was unaware of the cogni-
ive findings and temperature treatment, reviewed the Doppler
ecording classified high-intensity transit signals (HITS) as true or
quivocal on the basis of the acoustic and Doppler spectra char-
cteristics of the embolus and the time delay caused by the em-
olus traveling between the 2 sample volumes.16 Artifacts and
quivocal HITS were not included in the final analysis. The inter-
bserver agreement in our center for discriminating between true
ITS and artifacts using these Doppler characteristics has been
eported to be excellent.15 The total count of HITS for each pat
as the sum of bilateral counts recorded from the time of aortic
annulation until the removal of the aortic cannula after CPB. Only
atients with successful bilateral Doppler recordings of the middle
erebral artery were included in the final analysis.
europsychometric Evaluation
eurologic status was assessed on the first postoperative day using
he Canadian Neurological Scale.13 The National Institutes o
ealth Stroke Scale was administered preoperatively and 1 week
nd 3 months postoperatively.
We used conventional psychometric tests17 with empirically
erived reliability and validity data, and included the core tests
ecommended by a consensus conference on assessment of neu-
obehavioral outcomes after cardiac surgery.18 Neurocognitive
esting was performed at all time points under similar conditions
nd, whenever possible, by the same evaluator. Alternate forms
ere used to reduce learning effects. To optimize the reliability of
he neuropsychometric evaluation, the psychometrists were trained
nd periodically audited by the same neuropsychologist. All pa-
ients were ambulating and fit for discharge at the time of postop-
rative assessment.
Learning efficiency and memory consolidation were evaluated
ith the Rey Auditory Verbal Learning Test. Psychomotor speed
nd dexterity, known to be a sensitive indicator of the presence of
eneralized brain dysfunction, was measured by the Trails A and
, Grooved Pegboard, and Symbol Digit Modalities Test (oral
dministration). Attentional capacity and control were evaluated
sing the revised Wechsler Adult Intelligence Scale Digit Span. To
urther evaluate this domain, we added the Mental Control Subtest
f the Wechsler Memory Scale-III, in which the score reflects both
peed and accuracy. Letter and Category Fluency was used to
ssess the speed and flexibility of verbal thought processes. To
urther evaluate the motor domain, finger tapping was evaluated on
oth hands. w
The Journal of ThoracicPre- and postoperative measures of mood (Geriatric Depression
cale) and anxiety (State-Trait Anxiety Inventory) were also re-
orded. The total battery required 60 minutes to administer. The
hort Form Health Survey19 (SF-12) (QualityMetric Inc, Lincoln
I) was administered preoperatively and 3 months postoperatively
o assess health-related quality of life.
afety End Points
afety end points were recorded as previously described14 both
uring and after surgery and included nasopharyngeal, bladder,
nd oxygenator outlet temperatures, use of blood products, bleed-
ng from chest tubes during 24 hours, use of inotropic and vaso-
ressor drugs, time on CPB, and aortic crossclamp time. Further-
ore, time until extubation, days in the ICU, and days in the
ospital were noted. Myocardial infarction was defined as the
ppearance of new Q waves more than 0.04 seconds in duration in
t least 2 contiguous leads. Creatine kinase was measured on the
orning after surgery. Troponin T was determined if the total
reatine kinase was greater than 800 U/L. Chest and leg wound
nfections were documented by the infection control service using
stablished definitions.20
tatistical Analysis
sychometric test results were analyzed both as continuous
nd dichotomous outcomes. Individual psychometric test scores
ielded continuous measures repeated at 3 time points (preopera-
ively and 1-week and 3-month follow-ups). As such, individual
cores were analyzed using mixed models to account for correlated
epeated-measures data. The mixed models used an unstructured
ovariance matrix, and the model included a term for treatment and
ime-by-treatment interactions. No other covariates were added to
he model.
To facilitate the categoric analysis, the psychometric tests were
ombined into 4 cognitive domains using factor analysis with
rthogonal rotation as described by Newman and coworkers.4 This
ethod reduced the individual test scores into 4 factors that were
ncorrelated and accounted for 80% of the variance present in the
est battery and approximately corresponded to the following areas
f cognitive functioning: verbal memory, psychomotor speed and
exterity, attention, and motor function. The scores were adjusted
o that an increase in score always indicated better performance,
nd a composite score, intended to represent overall cognitive
erformance, was formed by summing the 4 individual factors
composite cognitive index). A patient was deemed to have had a
ognitive deficit if 1 or more factor scores decreased by at least 1
tandard deviation. A secondary analysis was performed using the
eliable change index methodology to account for practice effects.
cohort of 75 nonsurgical control subjects with coronary artery
isease were tested at the same intervals as well as patients, and
his information was used to adjust for practice effects in the study
atients as described by Rasmussen and colleagues.21
Data are presented as mean  standard deviation or median
interquartile range). Continuous variables were compared by us-
ng unpaired t tests if normally distributed or the Wilcoxon rank–
um test for non-normally distributed variables. Categoric data,
ncluding the primary end point of POCD incidence, were com-
ared by using a chi-square test. The Fisher exact test was used
hen an expected cell count was less than 5. The primary analysis
and Cardiovascular Surgery ● Volume 134, Number 6 1445
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1
CSPas by treatment group (normothermia or hypothermia), with no
xclusions.
ample Size
prospectively performed sample size calculation indicated
hat the sample size of 300 patients provides 80% power (with
 0.05) to detect a 27% difference in incidence of POCDs
iven a rate of 60% in the control group. The study was
erminated after 267 patients had been randomized as funds
ere exhausted.
esults
igure E1 summarizes the patient recruitment and follow
nformation. Of 3196 patients screened, 613 met the inclu-
ion and exclusion criteria, 286 gave informed consent, and
67 were randomized. Predischarge neurocognitive testing
as completed in 255 patients (96%), and 3-month testing
as completed in 236 patients (88%).
Baseline characteristics were similar between groups
ABLE 1. Baseline demographics
haracteristic
Normothermic
(n  133)
Hypothermic
(n  134) P
ge 69.3  6 68.2  6 .12
ale sex 116 (87) 119 (85) .46
ducation level .72
Less than Grade 9 18 (13) 16 (12)
Grades 9-12 56 (42) 63 (47)
Postsecondary 59 (44) 55 (41)
iabetes .12
None 87 (65) 87 (65)
Diet-controlled 5 (4) 10 (8)
Oral medications 37 (28) 27 (20)
Insulin 4 (3) 10 (8)
V dysfunction 16 (12) 10 (7) .21
CS angina class .15
I 4 (3) 13 (10)
II 32 (24) 33 (25)
III 68 (51) 63 (47)
IV 29 (22) 25 (19)
YHA functional class .66
I 120 (90) 125 (93)
II 9 (7) 6 (5)
III 4 (3) 3 (2)
erum creatinine (mol/L) 91.3  17 93.7  20 .29
eripheral vascular disease 22 (17) 19 (14) .59
arotid disease 10 (8) 6 (5) .29
rgent surgery 26 (20) 28 (21) .78
edo surgery 3 (2) 1 (1) .61
V, Left ventricle; CCS, Canadian Cardiovascular Society; NYHA, New York
eart Association. Continuous data are presented as mean  standard
eviation or median (interquartile range); t tests or Wilcoxon rank–sum
ests are used for continuous variables depending on normality; the chi-
quare or Fisher exact test is used for categoric variables.Table 1). Intraoperative and postoperative nasopharyngeal i
446 The Journal of Thoracic and Cardiovascular Surgery ● Decemperatures are depicted in Figure 1. The target temp
ure was achieved and maintained in all patients throughout
he operative period. By the time of aortic cannulation
arguably the earliest intervention with the potential for
erebral insult), the nasopharyngeal temperatures were sig-
ificantly lower in the hypothermic group. At the time of ster-
al closure, the nasopharyngeal temperature was 36.8°C 
.3°C in the normothermic group and 34.2°C 0.2°C in the
ypothermic group. After arrival to the ICU, the hypother-
ic patients took an average of 3.4  1.1 hours to reach
6°C. Ninety percent of patients had reached a temperature
f 36°C 4 hours after arrival to the ICU. Table 2 sho
ntraoperative and postoperative outcomes.
afety End Points
he patients assigned to hypothermia demonstrated a trend
oward reduced ICU stay (P  .06). In-hospital stay, how-
ver, was similar between groups. There was a trend toward
small increase in chest tube output of 71 mL (P  .09).
eexploration rates for bleeding and blood transfusion rates
ere similar between groups (31% vs 39%, P  .14).
ypothermic patients had lower serum creatine kinase lev-
ls 6 hours after surgery (P .001). Troponin T levels were
easured in all patients who had creatine kinase levels
reater than 800 U/L and were similar between groups. The
ncidence of clinical and electrocardiographically diagnosed
yocardial infarction was also similar between groups.
eurocognitive Outcome
able 3 depicts the results of the neurocognitive tests
actor-based analyses. Overall, there was a decline in per-
ormance on neurocognitive tests at the predischarge time
oint with some recovery at 3 months. However, time-by-
reatment interactions (indicating differential changes over
ime between groups) were nonsignificant for all tests ex-
ept for Digits Backward (P  .008), which demonstrated
igure 1. Intraoperative nasopharyngeal temperature of study pa-
ients (mean  standard deviation). OR, Operating room; CPB,
ardiopulmonary bypass.mproved scores for hypothermic patients both at discharge
ember 2007
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Pnd at 3-month follow-up. A significant difference favoring
ypothermia was also seen in the attention domain (P 
03), likely driven by the difference in the Digits Backward
est result. However, after adjustment for multiple compar-
sons these differences were not statistically significant.
Defined dichotomously, POCDs were identified in 45%
f normothermic patients and 49% of hypothermic patients
t discharge (P  .49). At 3 months, only 8% of normo-
hermic patients and 4% of hypothermic patients demon-
trated neurocognitive deficits (P  .28) (Table 4). Second
ry analyses, performed using the reliable change index,
howed a similar incidence of POCDs at discharge with no
ignificant differences between groups (43% vs 48%, hypo-
hermic vs normothermic, P  .49).
erebral Emboli
ntraoperative transcranial Doppler recordings were suc-
essfully obtained in 188 patients (70%). The total number
f HITS was similar between groups (Table 4). Fur
ore, there was no significant correlation between the total
umber of HITS and the composite cognitive index, a
ontinuous measure of cognitive function (Spearman r 
0.01, P  .88).
uality of Life
uality of life, evaluated using the SF-12,19 was similar
etween groups, both in the Physical and Mental domains,
t baseline and at 3 months. There was a significant increase
n self-reported quality of life after surgery. Compared with
hose of patients at baseline, patients with neurocognitive
ABLE 2. Intraoperative and postoperative data
haracteristic
Normo
(n 
PB time (min) 80.5 
ardiac anoxia time (min) 47.2 
o. of grafts 3.1 
n-hospital mortality (%) 1 (1)
ocal neurologic deficits (%) 0 (0)
ncephalopathy (%) 4 (3)
reatine kinase 660 
roponin T 0.59 
eopening for bleeding (%) 3 (2)
ime to extubation (h) 8.1 (5.9
CU length of stay (d) 1.03 (0.9
n-hospital length of stay (d) 5 (5–
hest tube output (mL) 584 
atients requiring blood products (%) 41 (31
erioperative atrial fibrillation (%) 49 (39
ound infections (%) 8 (6)
PB, Cardiopulmonary bypass; ICU, intensive care unit. Continuous data are
r Wilcoxon rank–sum tests are used for continuous variables dependingeficits at discharge demonstrated a smaller improvement in m
The Journal of Thoraciche Mental component of the SF-12 (P  .03) but not in the
hysical component (P  .70) at 3 months.
iscussion
e sought to determine whether sustained mild hypother-
ia with no rewarming, compared with normothermia,
ould reduce POCDs in patients undergoing coronary artery
ypass grafting. In this randomized patient- and assessor-
linded study, we demonstrated that mild hypothermia
34°C) sustained throughout the intraoperative period does
ot result in any major adverse events. We found, however,
hat the incidence of POCDs was similar between the nor-
othermic and hypothermic groups. The number of cere-
ral emboli, detected using transcranial Doppler examina-
ion, was also similar between groups, and there was no
orrelation between the number of cerebral emboli and
eurocognitive outcome. Last, self-reported quality of life
as similar between normothermic and hypothermic pa-
ients. Patients with POCDs at discharge reported less im-
rovement in the Mental component of the quality of life
cores 3 months postoperatively.
In a previous study,12 we examined the effect of hyp-
hermia in cardiac surgical patients who were cooled to
2°C and then randomized to rewarming (avoiding cerebral
yperthermia) to 34°C or 37°C. We found that mild hypo-
hermia in this setting led to a statistically significant and
linically relevant 23% reduction in the early incidence of
OCDs, as well as a highly significant and consistent dif-
erence in performance on the grooved pegboard test at 3
ic Hypothermic
(n  133) P
4 77.2  22.5 .23
9 45.5  16.2 .39
2.9  0.1 .07
3 (2) .37
1 (1) 1.0
4 (3) 1.0
496  255 .001
9 0.51  0.34 .23
3 (2) 1.0
6) 8.6 (6.8–12.3) .49
67) 0.98 (0.90–1.13) .06
6 (5–7) .94
655  327 .09
52 (39) .14
44 (34) .43
4 (3) .38
ented as mean standard deviation or median (interquartile range); t tests
ormality; chi-square or Fisher exact test is used for categoric variables.therm
134)
23.
14.
0.1
480
0.3
–11.
2–1.
7)
325
)
)
presonths. We hypothesized that sustained mild hypothermia
and Cardiovascular Surgery ● Volume 134, Number 6 1447
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1
CSPould lead to an even greater neuroprotective effect by
xtending the period of protection and avoiding any injury
ssociated with rewarming on CPB. We did not detect a
ignificant difference in neuropsychologic outcome between
roups in this study. Given the similar study conditions,
atient populations, and outcome measures between the 2
tudies, the absence of benefit suggests that mild hypother-
ia per se was not responsible for the lower incidence of
OCDs in the earlier study. Rewarming (32°C–37°C during
period of 10–15 minutes), even in the absence of hyper-
hermia, was likely responsible for worse neurocognitive
utcome in the normothermic group in the previous study
Figure 2).
Temperature monitoring and management practices dur-
ng CPB remain variable across surgeons, anesthesiologists,
erfusionists, and institutions,22 largely because of the a-
ence of adequately powered randomized clinical trials to
rovide guidance in this area. A recent evidence-based
eview that discussed temperature management during CBP
ractices suggested limiting the arterial line temperature to
7°C to avoid cerebral hyperthermia as a class IIa recom-
endation.10 However, no specific recommendations we
ABLE 3. Neuropsychometric test results
Normothe
Preoperative
Chang
1 w
actor 1: Verbal Memory 0.003 1.06 0.35
RAVLT: Total (TI-T5) 38.4 9.6 2.2 
Trial 6 7.2 3.2 1.0 
Trial 7 (delayed recall) 6.9 3.2 1.5 
Retention 2.6  2.0 0.7 
Recognition 12.7 2.5 0.7 
actor 2: Attention* 0.051 0.93 0.065
Digback* 6.3  2.1 0.8 
Digfor 9.6  2.0 0.3 
WMS Mental Control 24.7 5.2 0.8 
Letter fluency 32.2 12.4 0.8 
Category fluency (animal) 18.5 4.9 1.9 
actor 3: Psychomotor Speed 0.000 1.0 0.58
Trails A 40.2 12.3 3.7
Trails B 103.3 43.3 7.7
Pegtime (dominant hand) 91.1 24.4 15.1
Pegtime (nondominant hand) 100.1 28.3 18.5
SDMT 43.1 9.7 4.6 
actor 4: Motor 0.016 1.01 0.093
Finger Tapping (dominant hand) 46.8 8.1 1.7 
Finger Tapping (nondominant hand) 43.6 7.3 1.6 
AVLT, Rey Auditory Verbal Learning Test; WMS, Wechsler Memory Scale
ests and the 4 factors at baseline and changes at 1 week and 3 months a
ackward test and Factor 2: Attention demonstrated significant differen
mo  3-mo score-preoperative score; Pegtime  grooved pegboard; Dig
Trails A, Trails B, Pegtime), a longer time indicates poorer performance. F
resented as mean  standard deviation. *P  .05 mixed model evaluatiiven with respect to hypothermia and rewarming. The p
448 The Journal of Thoracic and Cardiovascular Surgery ● Decndings of this study challenge the conventional thinking
hat mild intraoperative hypothermia in cardiac surgical
atients is neuroprotective. Furthermore, taken together,
vidence from our 2 clinical trials suggests that rapid re-
arming is associated with increased neurocognitive defi-
its. Thus, the temperature at which patients are maintained
s less important as long as cerebral hyperthermia and rapid
ewarming are avoided. It is important to note that these
ata cannot be generalized to the setting of mild hypother-
ia in the context of ischemic brain injury caused by
theromatous emboli or hypoperfusion. Should the clinician
ecide to use mild hypothermia to reduce ischemic injury on
he basis of laboratory evidence and its efficacy in the
etting of cardiac arrest, our data suggest that it is without
erious adverse effects in patients who are at low risk of
leeding.
Our previously published interim safety analysis demon-
trated the safety of deliberate, sustained, mild hypothermia
n cardiac surgery patients.14 The final analysis of safety e
oints in these patients corroborates our previous report.
he incidence of clinically significant bleeding was similar
etween groups, as suggested by equivalent rates of reex-
Hypothermia
m preoperative
Preoperative
Change from preoperative
3 mo 1 wk 3 mo
6 0.22 0.81 0.003 0.94 0.44 0.84 0.19  0.73
1.0  7.6 37.8 9.2 2.3  7.4 0.3 7.1
0.4  2.6 7.2 2.9 1.0  2.7 0.1  2.4
0.5  2.4 6.9 3.1 1.6  2.8 0.4  2.5
0.3  2.7 2.5  2.0 0.9  2.5 0.5  2.4
0.4  2.2 12.6 2.1 1.0  2.5 0.2  1.9
8 0.072 0.54 0.05 1.06 0.01 0.63 0.28  0.54
0.3  1.7 6.1 2.1 0.4  1.6 0.5 1.9
0.3 1.8 9.7  2.2 0.1  2.0 0.3 1.7
0.7 4.0 24.2  5.5 0.8  4.1 1.5 3.3
1.0 8.1 31.7  12.1 0.9  8.7 2.6 7.2
0.0  4.2 18.4 4.7 1.6  4.2 0.0 3.9
0 0.16 0.48 0.000  1.0 0.59 0.82 0.22 0.47
4 1.4  11.9 41.9 14.8 2.5 13.8 4.0  12.3
7 7.8  35.5 105.6  45.0 13.5 43.2 11.7  29.0
9 2.0  14.8 90.1 20.5 15.0 22.0 4.0  13.4
9 3.5  13.7 99.2 26.6 16.6 26.6 4.3  18.2
1.8 6.7 42.9  9.4 5.0  7.3 2.1 5.3
4 0.17 0.73 0.016  1.0 0.091 0.65 0.059 0.55
1.6 5.8 46.9  7.9 1.6  5.7 1.3 4.9
1.2 5.3 43.9  7.4 1.7  4.5 0.6 3.7
T, Symbol Digit Modalities Test. Scores for individual neuropsychometric
picted in the normothermic and hypothermic groups. Only the Digit Span
etween groups. 1 wk  early postoperative score-preoperative score;
digit span forward; digback  digit span backward. For timed measures
other tests, increased score indicates improved performance. All scores
e-by-treatment interaction.rmia
e fro
k
0.7
7.8
2.5
2.7
2.6
2.2
0.5
1.6
1.9
3.8
7.8
4.3
0.9
14.
39.
24.
27.
6.7
0.7
6.4
5.4
; SDM
re de
ces b
for loration and blood product use. Chest tube losses were
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Ponsignificantly higher in hypothermic patients by approx-
mately 70 mL per patient. Surprisingly, the length of stay in
he ICU was slightly shorter in hypothermic patients, a trend
hat did not reach statistical significance. The incidence of
erioperative myocardial infarction and serum troponin lev-
ls were both similar between groups. We found that the
-month incidence of POCDs was higher in the normother-
ABLE 4. Effect of mild hypothermia on the incidence of
ostoperative cognitive deficits, intraoperative cerebral
mboli, and quality of life
haracteristic Normothermic Hypothermic P
OCDs at discharge 45% 49% .49
OCDs at 3 mo 8% 4% .28
ranscranial Doppler HITS
(n  188)
188 (115–331) 182 (100–305) .71
F-12: Baseline
Physical Component Score 35.4 10.3 34.8  9.4 .66
Mental Component Score 52.8 8.0 52.4  9.2 .68
F-12: 3 mo
Physical Component Score 42.3 10.4 44.0  9.1 .22
Mental Component Score 54.1 7.8 55.2  7.0 .29
OCD, Postoperative cognitive deficit; HITS, high-intensity transit signals;
F-12, Short Form Health Survey [12 items]. T tests or Wilcoxon rank-sum
ests are used for continuous variables depending on normality, and
hi-square or Fisher exact test is used for categoric variables.
Figure 2. Schematic of intraoperative nasopharyngeal 
In the previous study, all patients were cooled to 32°C
37°C, whereas in the current study, cooling was initiate
the operative period. OR, Operating room; CPB, cardiopulm
The Journal of Thoracicic patients compared with hypothermic patients (8% vs
%, respectively, P  .28). Although this represents a
elative risk reduction of 50% with hypothermia, it is only
n absolute risk reduction of 4%, and this study was not
owered to detect such a small difference at the 3-month
ollow-up. Thus, deliberate sustained intraoperative and
erioperative hypothermia and sustained normothermia are
oth safe in this low-risk population of patients undergoing
oronary artery bypass grafting.
Although atherosclerotic macroemboli arising from the
scending aorta are clearly a source of postoperative stroke,
he relationship between intraoperative cerebral microem-
oli and POCDs continues to be debated. The presence of
at emboli in the brain has been demonstrated at autopsy
fter cardiac surgery.23,24 In our study, there was no dif-
nce in the number of HITS between the hypothermic and
ormothermic groups. More important, the total number of
ITS did not correlate with postoperative neurocognitive
unction in the total cohort of 188 patients with high-quality
ranscranial Doppler recordings. This lack of correlation
ay be due to the inability of transcranial Doppler to
ifferentiate between the relatively benign air emboli from
he more damaging fat and atherosclerotic debris. This
nding also brings into question whether microemboli are,
n fact, the source of neurologic injury or whether other
roposed mechanisms, such as systemic inflammation, ce-
erature in our previous study12 and the current study.
ng CPB and then randomized to rewarming to 34°C or
entry into the operating room and sustained throughouttemp
duri
d ononary bypass.
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CSPebral edema, and global hypoperfusion, are responsible.
ther groups have also reported a lack of correlation be-
ween POCDs and cerebral ischemia detected by diffusion-
eighted magnetic resonance imaging.25 Last, a number o
tudies have identified various preoperative patient charac-
eristics (eg, age, education level, serum creatinine level,
eft ventricular function, and other variables) that are pre-
ictive of postoperative cognitive dysfunction.26-28 It may
e that the stress of surgery is not causal but merely un-
asks preexisting cerebrovascular disease and identifies the
atients who are predisposed to future cognitive decline.
OCDs may therefore be a marker of subtle preoperative
ognitive changes and not evidence of intraoperative or
erioperative cerebral injury. This suggestion would explain
he disappearance of most deficits 3 months and 1 year after
urgery with reappearance 5 years later.3-5
onclusions
n patients undergoing coronary artery bypass surgery, sus-
ained and mild intraoperative hypothermia (34°C) is safe
ut does not reduce the incidence of neurocognitive deficits.
n the absence of cerebral hyperthermia and rewarming,
here is no difference in outcome between sustained mild
ypothermia and normothermia.
We thank Medivance (Louisville, Colo) for providing the ther-
al control system and pads, and we acknowledge the expert
ssistance of Carmen Altoft, RN, Sharon Finlay, RN, Lynn Gagné,
N, Linda Vasudev, PhD, and Denyse Winch, RN.
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Piscussion
r J. Hammon (Winston-Salem, NC): I congratulate Dr Boodhwani
nd his coworkers on an excellent randomized prospective study,
nd thanks again for sending me the article and the slides in
dvance. Our group and others have admired the work of Dr
athan and people like yourself who have done careful random-
zed studies evaluating hypothermia as a neuroprotective adjunct
o surgery. The previous article that you referred to was what I
ould call a landmark study in that as a result of your publication,
any groups, including ours, stopped doing active rewarming in
he operating room, and I noticed you say in your article that this
ork served to validate that study.
In terms of the hypothesis that you gave at the beginning of
our presentation, you stated that you wanted to validate the study
nd to actually examine the effects of hypothermia without the
ffects of rewarming. Tell me how you arrived at this and why you
sed the water jacket on the hypothermic patients, given that the
ump temperature was exactly the same as the temperature that
ou were aiming for (34.5°C) and should have maintained the
rain at that temperature?
Dr Boodhwani: Thank you for your positive comments. First
f all, the reason for the confirmatory study was the fact that the
rst study was confounded by the effect of rewarming. Although
yperthermia was avoided in both studies, it was impossible in the
rst study to separate the potential harmful effect of rewarming in
he normothermic group from the potential beneficial effect of
ypothermia in the hypothermic group, and therefore we wanted to
onduct a study in which pure hypothermia was the only interven-
ion. The best way to achieve that without relying on the CPB
achine, for which you would have to first cannulate the aorta and
enous system and then go on-pump and reduce the temperature,
e chose to use an external method of reducing the temperature, so
hat by the time any possible emboli could occur to the cerebral
asculature, our intervention was already in place, which was what
e demonstrated in this study.
Dr Hammon: I think it was admirable for you to show that an
peration like this can be carried out with a 3-month neurocogni-
ive deficit rate of less than 10%, which mirrors some of our own
tudies. I think that should be the standard that all of us aspire to.
I would have to say that when you reduce neurocognitive
ysfunction rates to that level, determining a statistically signifi-
ant difference between 2 groups becomes difficult, even with your
0% rate at the end of discharge, when most of the older rates were
n the 60% to 70% range. When we calculate the statistical power
ith our techniques, at least 400 patients would be required to
e able to tell a difference if you had a deficit rate of 40% at
ischarge. Did you do a statistical power calculation?
Dr Boodhwani: Absolutely. This was reported in our article as
ell. The study was powered to detect a 25% reduction in cogni-
ive deficits with the intervention, and that gave us a sample size
f 300, and you will note that the study was stopped at 267 because
f various logistic and funding issues. However, having done that
rospectively, perhaps what is even more important is that at the
ime of discharge, the actual difference between the groups is only
%. Although we were powered to detect a significant difference,
he actual treatment effect is quite low.
Dr Hammon: I think it is very important for you to show that
ast slide and to emphasize in the article that what most of us think w
The Journal of Thoracics the real problem in terms of reducing temperature in patients
ould be active rewarming. For many perfusionists around the
ountry, and if you look at the AmSECT meetings that I go to
egularly, the standard procedure 10 years ago was to cool the
atient to 28°C and then rewarm the patient to 37°C in approxi-
ately 10 or 15 minutes, which means the water bath on the pump
as to be set to 38.5°C, and therein I think lies the rub; that is
here the injury occurs and has been shown in animal experi-
ents. So I think yours is a very valuable contribution. I think you
ave to say that hypothermia is very important for our patients; I
on’t think we can downgrade that, but active rewarming is very
angerous. Thank you.
Dr Boodhwani: Thank you, Dr Hammon. I would just like to
cho those comments. One of the things that this study reempha-
izes is that surgeons do need to pay attention to the way in which
emperature is managed, and in particular avoid rewarming. One
aveat, however, is that the study was not powered to demonstrate
n effect of hypothermia on strokes. Certainly, you would need a
tudy with thousands of patients to demonstrate that, and we can’t
xclude a beneficial effect of hypothermia in the setting where
here is a high suspicion for clinical stroke. However, with respect
o cognitive deficits, certainly our studies combined demonstrate
hat rewarming is harmful and that hypothermia in and of itself
oes not confer a significant benefit.
Dr G. Parr (Morristown, NJ): I congratulate the authors on a
ell-designed and carried-out study. In your conclusions you note
hat the major problem may be the underlying cerebrovascular
isease. If that were the case, you should note, as others have, that
eurocognitive dysfunction is much more prevalent in the elderly
atients, that is, you should have a correlation of age with neuro-
ognitive dysfunction after 3 months. Did you note this in your
atients?
Dr Boodhwani: That is correct. That is exactly what we noted,
nd actually we published this in Circulation in 2006 (Circulation
006;114:I461-6) looking at predictors of neurocognitive deficits
n a large cohort of patients, close to 500. We found that age was
xtremely predictive of neurocognitive deficits, and that the serum
reatinine level, which likely represents an overall premorbid state,
as also predictive of neurocognitive deficits.
Dr Parr: Secondarily, you excluded cerebral hypoperfusion,
ut you really don’t have any data in this study on cerebral
ypoperfusion.
Dr Boodhwani: Cerebral hypoperfusion is a hypothesis that
as been maintained in the literature as a source of cognitive
eficits. Our goal here was primarily based on the theory that
OCDs occur from an ischemic/embolic cause. Certainly we took
are to ensure that the blood pressure maintained during CPB was
imilar between groups and maintained as per guidelines, but we
idn’t specifically control for that.
Dr R. Griepp (New York, NY): Just a follow-up question on
hat. You state that your pressures were the same. So were the
ows the same, your CPB flows? I found it sort of interesting that
ou had exactly the same number of emboli in the hypothermic
nd normothermic groups. One would assume that that meant your
ows were the same. Were they?
Dr Boodhwani: Yes, the flows were the same and maintained
ithin a predefined interval throughout the study.
and Cardiovascular Surgery ● Volume 134, Number 6 1451
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CSPDr Griepp: The pressure and the flows were the same both in
he 34°C and in the 37°C groups?
Dr Boodhwani: That is correct.
Dr Griepp: That is unusual.
Dr Boodhwani: I would like to add that the hypothermic
atients required more phenylephrine to maintain blood pressure.
Dr H. Nathan (Ottawa, ON Canada): I thank the Society for the
pportunity to present our results. I would like to take the liberty of
nterpreting the clinical relevance of our findings in the context of our
esearch and the research of others. Our study and the work of Van
ijk and colleagues (JAMA. 2002;287:1405-12), comparing patients
ndergoing surgery with and without CPB, indicate that CPB is
nlikely an important cause of cognitive deficits when conducted with
he best possible technology and appropriate temperature manage-
ent. The lack of effect of mild hypothermia in reducing the inci-
ence of cognitive deficits suggests to us that the cause of these
eficits is not ischemic. Mild hypothermia has, however, been shown
o reduce ischemic brain injury in the laboratory and in patients with
ut-of-hospital cardiac arrest. It is possible, but not proven, that mild
ypothermia may benefit patients at risk of cerebral ischemia in the
perating room. I suggest that the 2 limbs of this trial offer useful
anagement strategies. Patients at high risk of cerebrovascular events
nd those with carotid disease, high creatinine levels, or a previous
troke could be maintained at 34°C throughout the procedure, first
sing cooling pads at the beginning, a constant temperature on bypass,
nd then they could be rewarmed postbypass in the ICU. This strategy
ay provide neuroprotection to these patients without increasing
perating room time by attempting to rewarm on CPB. We have
hown that it is safe to take most patients to 34°C. On the other hand,
f the patient is not at high risk of cerebrovascular injury, one could n
452 The Journal of Thoracic and Cardiovascular Surgery ● Decaintain the temperature at approximately 36°C to 37°C throughout
he case, again avoiding rewarming on CPB and providing some of
he benefits of normothermia.
I concur with Dr Hammon that it is important to avoid rewarm-
ng on CPB, which even when done cautiously, as in our first
tudy, seems to be related to cerebral injury.
Dr P. Kurlansky (Miami, Fla): Given that rewarming is ap-
arently damaging, I was wondering if you had any idea as to the
asic science mechanism, if it has to do with the solubility of gas
t different temperatures and coming out of solution? What is the
xact problem?
Do you have any advice for those situations, deep hypothermia
or aortic surgery, in which rewarming is unavoidable? Is there any
echnique of rewarming that might be more protective against the
erebral injury that you have found?
Dr Boodhwani: From a basic science point of view, a number
f different mechanisms have been implicated in the beneficial
ffects of hypothermia and detrimental effects of rewarming, and
hey range anywhere from the onset of cerebral injury to excitatory
ransmitter release, all the way down to the cellular events leading
o neuronal death, and any of those mechanisms might be at play.
ertainly I think intuitively it makes sense to extend the period of
ewarming over a longer period of time and to minimize the rate of
ncrease in temperature over a short period of time in an effort to
void reperfusion injury.
Dr C. Feindel (Toronto, Ontario, Canada): That was an ex-
ellent presentation. Just for interest’s sake, can we just have a
uick show of hands to see who uses standard rewarming tech-
iques? (Show of hands.) And those who use this modified tech-
ique? The minority it seems. Thank you.
ember 2007
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PRandomized (n = 267)
Patients Screened during study period
(n = 3196)
Patients meeting eligibility criteria (n = 
613)
Consented (n = 286)
Discharge Testing
(n = 128)
3 Month Testing
(n =117)
Normothermia
(n = 133)
Hypothermia
(n = 134)
Discharge Testin
(n = 127)
3 Month Testin
(n = 119)
Figure E1. Patient screening and enPatients refusing (n = 327)
Failed Screening Tests 10
Late Refusals 6
Late Exclusions 3
Reasons Not Eligible (n = 2583)
Concommitant Procedure 676
715egA
CNS Deficits 302
Renal Dysfunction 110
Co-Morbidities 121
Unstable 136
Language/Distance 239
No Time 293
Other 189
g
g
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